4-Hydroxynonenal induces adaptive response and enhances PC12 cell tolerance primarily through induction of thioredoxin reductase 1 via activation of Nrf2.
4-Hydroxynonenal (4-HNE) is one of the major end products of lipid peroxidation. It has been widely accepted that 4-HNE can induce oxidative stress, implicating into extensive stress-related diseases. In the present study, however, 4-HNE was found to exert adaptive cytoprotective effect at low concentrations, which was primarily through induction of thioredoxin reductase 1 (TR1) via transcriptional activation of NF-E2-related factor 2 (Nrf2). Pretreatment with 4-HNE at sublethal concentrations significantly protected PC12 cells against the subsequent oxidative cell death induced by H2O2 and 6-hydroxydopamine. The cellular antioxidative glutathione system did not show any considerable changes, whereas the TR1 activity as well as the mRNA level was significantly elevated by the 4-HNE treatment. Cells treated with TR1 small interfering RNA exhibited less resistance to oxidative stress, and the adaptive response was completely abolished. The Nrf2 was transcriptionally activated by 4-HNE. Cells treated with Nrf2-small interfering RNA exerted lower constitutive levels of TR1 and exhibited less resistance to oxidative stress, and the 4-HNE-induced TR1 expression and subsequent adaptive response were again abolished in such cells. Treatment with 4-HNE at the adaptive concentration induced transient activation of extracellular signal-regulated protein kinase 1/2 and Akt/protein kinase B. Pharmacological inhibition of both these kinase pathways effectively attenuated 4-HNE-induced TR1 expression and subsequent adaptive protection. The above findings, taken together, suggest that stimulation with 4-HNE at sublethal concentrations induces adaptive response and enhances cell tolerance, primarily through induction of TR1 via transcriptional activation of Nrf2 signaling pathway, thereby protecting cells against the forthcoming oxidative stress.